Many human diseases have been reported to be associated with mitochondrial dysfunction. Therefore, mitochondrial therapy would be expected to be useful and productive in the treatment of various diseases. To achieve such an innovative therapy, it will be necessary to deliver therapeutic agents into mitochondria. However, only a limited number of methods are available for accomplishing this. We previously developed the MITO-Porter, a liposome-based carrier that permits macromolecular cargos to be transported into mitochondria via membrane fusion. Intracellular observations using the green ‰uorescence protein as a model macromolecule conˆrmed the mitochondrial delivery of a macromolecule by the MITO-Porter. Moreover, when we attempted the mitochondrial delivery of bongkrekic acid (BKA), an antiapoptosis agent, the MITO-Porter enhanced the antiapoptosis eŠect compared with naked BKA. To construct a device with enhanced performance, the MITO-Porter was coated with cell membrane-fusogenic outer envelopes to produce the dual function (DF)-MITO-Porter. Intracellular observations indicated that the DF-MITO-Porter was more eŠective in delivering exogenous macromolecules into mitochondria than the conventional MITO-Porter. Furthermore, when biomacromolecules were delivered using the DF-MITO-Porter to estimate the mitochondrial gene targeting of the carrier, the results conˆrmed that the MITO-Porter system has the potential for use in therapies aimed at mitochondrial DNA. This paper sumarizes ourˆndings on mitochondrial drug delivery systems that are directed toward mitochondrial medicine development and mitochondrial gene therapy. It is expected that the MITO-Porter system will open new research areas in mitochondrial drug delivery systems and have a signiˆcant impact on the medical and life sciences.
A. Mitochondrial delivery of small drug molecules using a lipophilic cation, such as TPP. Uptake into mitochondria through the lipid bilayer is driven by the large membrane potential across the mitochondrial membrane. B. Mitochondrial delivery of MTS-conjugated oligo nucleic acids (a) and genetically MTS-fused protein (b) via TOM/TIM complex. C. Mitochondrial delivery of pDNAs using DQAsomes. DQAsomes-DNA complexes selectively release DNA, when the carriers gain access to mitochondria. Thisˆgure is reproduced from the reference. 3) 1144
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